INTRODUCTION
============

Aneurysmal bone cyst (ABC) was first described by Jaffe and Liechestein in 1942 91). The World Health Organization defines ABC as an "expanding osteolytic lesion consisting of blood-filled spaces of variable size separated by connective tissue containing trabeculae of bone or osteoid tissue and osteoclast giant cells." It is considered an active or aggressive benign bone tumor that may result in high morbidity and recurrence if not properly treated.[@B1]

ABC accounts for approximately 1% of all primary bone tumors and most commonly occurs during the first and second decades of life, with a slight predominance in females.[@B1] ^,^ [@B2] The main affected sites are the distal end of the femur and proximal end of the tibia.[@B1] ^,^ [@B2] The optimal treatment for ABC is controversial and several methods have been reported.[@B1] ^-^ [@B3] The recurrence rate ranges from 5% to 40%, depending on the method of treatment used.[@B1] ^-^ [@B3] Currently, the most widely used method is curettage combined with grafting.[@B1] ^-^ [@B4] This method results in a high relapse rate, prolonged recovery period, risk of bleeding, and damage to surrounding structures essential for maintaining the function of the affected segment, especially in vertebral and pelvic lesions.[@B4] ^-^ [@B6] Therefore, less invasive methods to promote ABC healing with reduced surgical morbidity, especially in areas with difficult access, are increasingly being used. Accordingly, percutaneous intralesional injection of sclerosing agents and healing stimulators has proven to be a promising alternative to conventional surgical treatment.[@B1] ^,^ [@B3] ^,^ [@B6] ^-^ [@B9]

Recently, given the presence of osteoclastic giant cells in this bone tumor, the receptor activator of nuclear kappa-B ligand has been used as a potential target for promoting ABC healing through its inhibition by denosumab.[@B10] However, in case studies, calcitonin and methylprednisolone percutaneous intralesional injection also promoted the healing of ABCs located in the spine, where the risks and surgical morbidity are higher.[@B7] ^-^ [@B9] Given these favorable results, we have been using this method to treat primary ABCs in long bones as a minimally invasive and low-cost alternative in our institution since 2003. Therefore, the present study describes a calcitonin and methylprednisolone intralesional injection method that promotes primary ABC healing.

MATERIAL AND METHODS
====================

Study population
----------------

A retrospective cohort study involving 76 patients with ABCs diagnosed between January 2005 and December 2014 at a single institution was performed.

After the initial selection of patients from the database of the Pathological Anatomy Unit, the following exclusion criteria were applied: secondary ABC, ABC located in the spine, initial surgical treatment, and incomplete radiographic evaluation.

Twenty-nine patients were excluded according to the following criteria: secondary ABC (n=10), spine ABC (n=3), surgery as the initial treatment (n=10), and absence of complete radiographic evaluation available (n=6). The study group consisted of 47 patients with primary ABC treated with calcitonin and methylprednisolone intralesional injection.

Diagnosis
---------

The method used for diagnosis of primary ABC in all patients involved histopathological study of specimens collected by percutaneous biopsy of the lesion using a bone marrow biopsy needle guided by computed tomography or radioscopy. The anatomopathological, clinical, and radiological correlations were performed by a pathologist who specialized in bone pathology to confirm the diagnosis.

Variables
---------

To determine the demographic profile of the sample, age at diagnosis and gender were collected by reviewing the medical records. The following radiographic variables were assessed at diagnosis: lesion volume, staging according to the Enneking system,[@B11] affected bone, and location of the tumor according to the Capanna classification[@B12] ([Table 1](#t1){ref-type="table"}).

###### Capanna classification.

  Type   Morphological characteristics
  ------ --------------------------------------------
  I      Central
  II     Central affecting the entire bone diameter
  III    Eccentric
  IV     Subperiosteal
  V      Subperiosteal extending to soft parts

Method
------

The procedure followed the same protocol for all patients and was conducted by two surgeons who used sedation and local anesthesia with an aseptic technique, percutaneously guided radioscopy in appendicular lesions, and computed tomography in pelvic lesions. The method consists of introducing an 11-gauge bone marrow biopsy needle into the lesion with the guidance of imaging until it reaches the largest lytic portion of the tumor. The cyst walls are manually scarified using the end of the needle to break the non-healed septa and the hematic content is aspirated. Then, a 5-ml syringe containing a solution of 200 IU calcitonin and 120 mg methylprednisolone and another syringe containing 10 ml distilled water are attached to the bone marrow biopsy needle through a 3-way connector. Subsequently, the solution is injected into the lesion ([Figure 1](#f1){ref-type="fig"}). Then, the biopsy needle introduced into the lesion and still containing the residual solution is rinsed with distilled water, which is injected from the second syringe, so that the entire dose of drugs reaches the lesion. Finally, pressure dressing is performed and maintained for 3 days. The patient is discharged on the same day as the procedure and the healing status is followed-up monthly through radiographs or computed tomography scans according to the location of the lesion. According to the classification proposed by Rastogi,[@B6] the procedure is repeated if no satisfactory healing of the lesion occurs after 2 months.

![Injection method. A) Biopsy needle with a 3-way connector attached to two syringes containing the calcitonin and methylprednisolone solution and distilled water. B) Intralesional injection of calcitonin and methylprednisolone. C) Radioscopic control of the injection.](1809-4406-aob-26-05-0314-gf01){#f1}

Treatment response
------------------

Treatment results were measured based on monthly evolutionary radiographic evaluation until the lesion healed and quarterly evaluation during the first 2 years after healing. Evaluation consisted of comparing the percentage of volumetric reduction of lytic bone involvement before and after treatment and quantifying healing at each follow-up appointment according to the classification proposed by Rastogi[@B6] ([Table 2](#t2){ref-type="table"}). At the end of the follow-up period, the outcome was classified as satisfactory (excellent or good) or unsatisfactory (poor or unresponsive).

###### Radiographic classification according to Rastogi.

  Degree   Characteristic           Result
  -------- ------------------------ --------------
  I        Residual lesion \<25%    Excellent
  II       Residual lesion 25-50%   Good
  III      Residual lesion 50-75%   Poor
  IV       Residual lesion \>75%    Unresponsive

The criteria for treatment discontinuation were satisfactory result assessment or treatment failure, which was defined as healing less than 50% after the first two injections or disease progression before reaching degree II of healing as identified by an increase in lytic area. Recurrence was defined as an increase of the lytic area after reaching degree I or II (excellent or good) of healing. Surgical treatment was performed if percutaneous treatment failure occurred. However, in the recurrence, the percutaneous procedure was still indicated. The minimum follow-up period after healing was 2 years.

Statistical analysis
--------------------

The ratios of cases that did and did not responded to treatment were compared using the χ2 test. The Wilcoxon signed-rank test was used to compare the lytic areas before and after treatment. Analysis of the effect of study variables on treatment response was performed by calculating the odds ratio with a 95% confidence interval. SPSS 10.0^®^ software was used and p-value \<0.05 was considered significant.

Research ethics
---------------

This research project numbered as 50105815.7.0000.5273, which was approved by our institution\'s Research Ethics Committee, is in accordance with the Helsinki Declaration for experiments involving humans. All participants read and signed the informed consent form.

RESULTS
=======

The sample of 47 patients consisted of 23 men and 24 women. The average age was 17.5 years (4-54 years). Patient characteristics are outlined in [Table 3](#t3){ref-type="table"}.

###### Patient characteristics

  Variable                                              
  ---------------------------- ------------------------ ------
  **Average age (range)**      17.5 years (4-54)        
  ≤16 years                    28                       59.5
  \>16 years                   19                       40.5
  **Gender**                                            
  Male                         23                       48.9
  Female                       24                       51.1
  **Average volume (range)**   50.6 cm^3^ (9.4-163.6)   
  **Enneking**                                          
  B1                           ---                      ---
  B2                           14                       29.7
  B3                           33                       70.3
  **Capanna**                                           
  I                            5                        10.6
  II                           28                       59.7
  III                          13                       27.6
  IV                           1                        2.1
  V                            ---                      ---

ABC was predominantly located in the proximal tibia extremity (19.1%; n=9). [Figure 2](#f2){ref-type="fig"} shows the distribution of ABC.

![Location of aneurysmal bone cysts.](1809-4406-aob-26-05-0314-gf02){#f2}

[Figure 3](#f3){ref-type="fig"} shows the number of procedures required to promote ABC healing according the number of treated patients. A total of 131 procedures were performed (average=2.8/patient), with an 83.7% average reduction of the initial lytic area (p-value=0.00001). Only 1 procedure was performed in 9 patients (19.1%), 2 procedures were performed in 14 (29.7%), 3 procedures were performed in 10 (21.2%), 4 procedures were performed in 7 (14.8%), 5 procedures were performed in 5 (10.6%), 6 procedures were performed in 1 (2.1%), and 7 procedures were performed in 1 (2.1%; [Figure 4](#f4){ref-type="fig"}). The average length of treatment was 10.3 months (2-59.5 months) and the average length of follow-up was 45.5 months.

![Distribution of the number of procedures at the end of the follow-up period.](1809-4406-aob-26-05-0314-gf03){#f3}

![Excellent outcome. A/B) Plain films showing a large ABC in the proximal tibia before treatment. C/D) Plain films 4 months after the end of treatment showing complete ABC healing.](1809-4406-aob-26-05-0314-gf04){#f4}

According to the radiographic classification used to assess the treatment response, 91.4% (n=43) of patients showed satisfactory (excellent or good) results (p-value=0.00001) and 72.3% (n=34) showed complete cyst healing (degree I; [Table 4](#t4){ref-type="table"}).

###### Treatment outcome at the end of the follow-up period

  Degree of healing        
  ------------------- ---- ------
  I                   34   72.3
  II                  9    19.1
  III                 3    6.3
  IV                  1    2.1

[Figure 4](#f4){ref-type="fig"} shows an outcome classified as excellent (degree I) at the end of treatment.

[Table 5](#t5){ref-type="table"} shows the average number of procedures performed according to the study variables and indicates the initial average volume of lesions and the residual percentage at the end of treatment.

###### Average number of procedures.

  Variable                        
  ------------------ ----- ------ ------
  **Gender**                      
  Male               3.0   58.8   16.3
  Female             2.6   43.2   16.3
  **Age**                         
  ≤16 years          3.1   45.2   19.1
  \>16 years         2.4   55.1   20.3
  **Enneking**                    
  B2                 2.2   42.0   13.9
  B3                 2.9   56.6   18.4
  **Capanna**                     
  II                 2.9   46.1   16.4
  I, III, IV, or V   2.5   54.7   18.7

Among the variables studied as possible prognostic factors, younger patients (≤16 years) had a higher percentage of good results than did older patients (\>16 years) (92.8% and 89.4%, respectively), but the difference was non-significant. B2 ABCs (active) had better outcomes (100%; n=14) than B3 ABCs (aggressive) (87.8%; n=29), but the difference was non-significant. Conversely, patients with Capanna type II lesions had worse outcomes (89.2%; n=25) than all others (94.7%; n=18), although the difference was also non-significant ([Table 6](#t6){ref-type="table"}).

###### Univariate analysis.

  Category           Good result                             
  ------------------ ------------- ------ ------ ----------- ------
  **Age**                                                    
  ≤16 years          28            92.8   1.52   0.19-11.9   0.68
  \>16 years         19            89.4                      
  **Gender**                                                 
  Male               24            91.3   0.95   0.12-7.40   0.96
  Female             23            91.6                      
  **Enneking**                                               
  B2                 14            100    4.42   0.22-87.8   0.32
  B3                 33            87.8                      
  **Capanna**                                                
  II                 28            89.2   0.46   0.04-4.82   0.51
  I, III, IV, or V   19            94.7                      

During follow-up, 5 patients (10.6%) experienced recurrence. Therefore, the percutaneous procedure was repeated; 3 patients progressed with an excellent or good response after 1 or 2 injections. The other 2 patients were surgically treated due to disease progression. One progressed with a pathological fracture, although the lesions subsequently healed.

DISCUSSION
==========

ABC is a rare, locally aggressive, benign tumor with a prevalence of 1.4 cases per 100,000 individuals.[@B1] ^,^ [@B2] The lesion may occur in any bone and at any age, although more than 50% occur in long bones and approximately 80% of the cases involve patients younger than age 20 years.[@B1] ^,^ [@B2] Approximately 70% of ABCs are primary and the remaining 30% are secondary to hemorrhagic degenerative events in preexisting bone lesions, including giant cell tumor, simple bone cyst, and chondroblastomas.[@B1]

The vascular theory of pathogenesis postulates that ABC is a reaction to a local hemodynamic disorder resulting in increased venous pressure and formation of a dilated vascular bed in the affected bone.[@B1] However, the vascular theory has been surpassed by the clonal theory based on more recent studies describing the recurring presence of a specific chromosome translocation, t(16;17) (q22;p13), in primary ABC and insulin-like growth factor 1 (IGF-1) expression.[@B13] These findings confirm that primary ABC is a true tumor and not a pseudotumoral lesion, as previously believed, which may explain the effect of drugs with angiostatic, cytostatic, and bone-forming properties in promoting healing.[@B14]

Several methods have been described for ABC treatment, and the best therapeutic option is still undergoing debate. Recurrence within 24 months after treatment is common and ranges from 10 to 59% depending on the method used.[@B2] ^,^ [@B6] Intralesional curettage combined with grafting is still the most often indicated method.[@B1] ^,^ [@B15]

However, surgical treatment may result in extensive bone defects and involves a significant risk of bleeding and damage to key anatomical structures. In addition to profuse bleeding, the risk of lesions of the physeal plate among growing children also renders surgical treatment challenging.[@B7] Therefore, non-surgical methods, including sclerotherapy, selective arterial embolization, and injection of healing-inducing agents, are gaining relevance in the management of these patients.[@B6] ^,^ [@B7] ^,^ [@B15] ^,^ [@B16] High success rates were reached using those different treatment modalities. However, no prospective, randomized, controlled studies comparing them with conventional surgical treatment have been published in the literature. Thus, the choice of method is usually guided by the experience and preference of the surgeon.

Percutaneous methods have been increasingly used for ABC treatment to cause the least possible morbidity to patients. Selective arterial embolization and sclerotherapy are the most widely used non-surgical methods.[@B15] However, calcitonin and methylprednisolone percutaneous intralesional injection is a promising alternative that is expected to deliver lower complication rates.[@B7] ^,^ [@B9] ^,^ [@B17]

The first study describing the use of calcitonin for ABC treatment was published by Szendroi, who retrospectively assessed 7 patients receiving 3 weekly injections for 5 weeks. In this series, 3 cysts completely healed, 3 cysts partly healed, and the treatment of 1 patient was discontinued due to hypersensitivity reaction.[@B18]

The combination with methylprednisolone as an adjuvant was first described for the treatment of cervical spine ABC in children at increased risk for devastating complications due to inadvertent embolization of the vertebral artery because invasive procedures may result in vertebral instability.[@B7] ^,^ [@B9] ^,^ [@B19] Gladden and collaborators proposed that the combination of methylprednisolone with calcitonin would result in a synergistic effect to promote ABC healing because of the angiostatic and fibroblast formation-inhibitory activities of the corticoid combined with the inhibitory effect on osteoclasts and trabecular bone formation-stimulating effects of calcitonin.[@B7] ^-^ [@B9] The authors reported the case of a child with ABC who underwent 2 injections with 6-month intervals. Lesion healing occurred after 2 years and 7 months without side effects.[@B7] Rai and Collins[@B19] and Ohashi and collaborators[@B9] also published similar results using this method; they observed progressive healing and no adverse effects. Only two injections were performed over several months in both studies.[@B9] ^,^ [@B19]

To our knowledge, no studies assessing the method used with a larger case series than that of the present study have been published in the literature. Articles initially published were limited to case reports of ABCs located in the axial skeleton.[@B7] ^-^ [@B9] ^,^ [@B19] The articles identified in the literature review include 7 patients with primary ABC treated with the calcitonin and methylprednisolone intralesional injection method. The protocols used in these studies vary regarding the dose and dosing interval, but the results show good treatment response.[@B7] ^-^ [@B9] ^,^ [@B17] ^,^ [@B19]

The high percentage of satisfactory results (91.4%; n=43) and a low recurrence rate (10.6%, n=5) were observed in this cohort. The lesions showed an 83.7% average reduction of the initial lytic area; 2.8 procedures were required per patient, with no reported side effects (vomiting and/or convulsions). The fixed dose of calcitonin (200 IU) and methylprednisolone (120 mg) used in this study was established empirically without variation according to the size of the lesion, similar to previous studies. However, further studies are needed to determine the relationship between the initial lesion volume and the response to the dose used. The number of procedures required to promote healing varied in this study, thus suggesting the existence of treatment response determinants. However, the study was not able to determine the treatment response-related factors. Therefore, further studies are necessary to establish whether factors previously described as determinants of worse prognosis also affect the response to this treatment method, including vascular pattern, histological characteristics, and age of patients.[@B20]

The main advantages of this study are the relevant case series, the inclusion of appendicular lesions, and consistent satisfactory outcomes of the largest known case series of patients with primary ABC treated with the same protocol (calcitonin and methylprednisolone injection) at a single institution. The treatment was proven effective and safe, with a low relapse rate during follow-up. Healing progressed after further treatments and surgical treatment was not precluded in necessary cases. Potential advantages of the described method include the following: lower local morbidity, especially in lesions with difficult surgical access; increased patient acceptance; shorter hospital stays; and low frequency of side effects or hypersensitivity reactions. However, treatment should only be started after proper radiological evaluation and histopathological confirmation of diagnosis. We believe that two to three injections at 2 to 3 month intervals adequately treat most ABCs.

CONCLUSION
==========

Calcitonin and methylprednisolone intralesional injection is a safe and effective method with a low relapse rate that promotes ABC healing. The method has been consolidated as a minimally invasive treatment alternative to reduce surgical morbidity associated with ABC, although prospective studies comparing this method with surgical treatment should be performed to definitively establish calcitonin and methylprednisolone intralesional injection as a first-line treatment.
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